Conformational changes associated with the reversible cold inactivation of ribulose-1,5-bisphosphate carboxylase-oxygenase.
Crystalline ribulose-1,5-bisphosphate carboxylase-oxygenase (3-phospho-D-glycerate carboxy-lyase (dimerising), EC 4.1.1.39) isolated from tobacco (Nicotiana tabacum L.) leaf homogenates is partially inactivated by cold treatment and fully reactivated by simple heating in the absence of sulfhydryl reagents and effectors. Since the reversible cold inactivation of this bifunctional enzyme does not involve a gross change in the association state of subunits, a subtle conformational change induced by low temperatures was implicated (Chollet, R. and Anderson, L.L. (1976) Arch. Biochem. Biophys. 176, 344-351). Chemical modification of the cold-inactivated and heat-reactivated enzymes by 5,5'-dithiobis-(2-nitrobenzoate) and p-mercuribenzoate at 25 degrees C revealed no difference in the number of free -SH groups per mol protein. However, the reactivity of the sulfhydryl residues on the inactivated protein was considerably greater than that of the reactivated enzyme. Pretreatment of the two proteins with sodium dodecyl sulfate completely abolished the difference in -SH reactivity, indicating its dependence on protein conformation. Both the cold-inactivated and heat-reactivated enzymes enhanced the fluorescence intensity of 8-anilino-1-naphthalenesulfonate (ANS) and caused a blue shift of the emission maximum from 510 to 472 nm. When the inactivated enzyme was reactivated by heating, the increase in catalytic activity was closely paralleled by a concomitant decrease in the fluorescence intensity of the ANS - protein complex at 25 degrees C. Fluorescence titration experiments revealed that the decrease in fluorescence intensity accompanying heat reactivation of the inactivated enzyme was due to a reduction in the number of hydrophobic sites available for ANS binding rather than to a change in the dissociation constant of the ANS - protein complex. These results indicate that the reversible cold inactivation of ribulose-1,5-bisphosphate carboxylase-oxygenase is associated with a reversible change in the conformation of the protein. This cold-induced conformational change resluts in a greater exposure of sulfhydryl groups and hydrophobic regions to the external environment and is closely paralleled by changes in the catalytic activity of the protein. By analogy to other oligomeric enzymes also subject to reversible cold inactivation, perhaps low temperatures induce a partial dissociation of the octameric structure of the hydrophobic catalytic subunits, but complete dissociation is arrested in some unknown manner by the small hydrophilic subunits.